ABSTRACT Stichococcus bacillaris Naeg., a green soil alga, can grow in the presence of methionine sulfoximine (MSX) Recently, using MSX2 as a specific inhibitor of GS, we have demonstrated the ability of Chlorella autotrophica to maintain a normal rate ofNH44 assimilation via the NADPH-GDH pathway (1, 2) . This contrasts with the report of a direct inhibition of NH4+ transport system by MSX in Anabaenaflos-aquae (12) . It has recently been pointed out (3) that methylammonium is metabolized to methylglutamine in cyanobacteria. Therefore, the observed inhibition of methylammonium uptake appears to be attributable to MSX inhibition of methylammonium assimilation via GS. The metabolism of methylammonium in cyanobacteria and bacteria (7) raises serious questions about its usefulness as an analog for NH4+ transport in prokaryotes. Eukaryotic microalgae do not appear to be able to metabolize methylammonium (13, 14) . We have recently studied the transport of nitrogenous compounds by the green alga Stichococcus bacillaris. As this alga contains NADPH-GDH with sufficiently high affinity for ammonium (6), it provides a useful system to investigate the effect of MSX on the transport of inorganic nitrogen without the undesirable effects of a buildup of an internal NH4+ pool.
Recently, using MSX2 as a specific inhibitor of GS, we have demonstrated the ability of Chlorella autotrophica to maintain a normal rate ofNH44 assimilation via the NADPH-GDH pathway (1, 2) . This contrasts with the report of a direct inhibition of NH4+ transport system by MSX in Anabaenaflos-aquae (12) . It has recently been pointed out (3) that methylammonium is metabolized to methylglutamine in cyanobacteria. Therefore, the observed inhibition of methylammonium uptake appears to be attributable to MSX inhibition of methylammonium assimilation via GS. The metabolism of methylammonium in cyanobacteria and bacteria (7) raises serious questions about its usefulness as an analog for NH4+ transport in prokaryotes. Eukaryotic microalgae do not appear to be able to metabolize methylammonium (13, 14) . We have recently studied the transport of nitrogenous compounds by the green alga Stichococcus bacillaris. As this alga contains NADPH-GDH with sufficiently high affinity for ammonium (6) , it provides a useful system to investigate the effect of MSX on the transport of inorganic nitrogen without the undesirable effects of a buildup of an internal NH4+ pool.
MATERIAIS AND METHODS
Organism and Culture Conditions. Stichococcus bacillaris (UTEX No. 314) was grown axenically as described (5) . The culture nitrogen source was either 2 mM NaNO3 or 2 mM NH4CI. Preparation of MSX-containing media was as described (1, 2) .
Enzyme Activities. Preparation of cell-free extracts and determination of synthetase activities of GS and amination reactions of NAD(P)H-GDH were as described (1, 2 (2) .
Analytical. NH44 and NO3-in the growth medium, and cell protein were determined as described (2) . ['4C]Methylammonium taken up by the cells was co-chromatographed with pure
['4C]methylammonium as described (14) .
RESULTS AND DISCUSSION Stichococcus bacillaris was grown on 2 mm NO3-with 0 or 400 uM MSX for a period of up to 3 weeks to obtain MSX-free and MSX-treated cultures. The cell density at the time of harvest was 10 x 106 -15 x 106 cells ml-', and the concentration of NO3-remaining in the medium was 0.3 to 0.5 mM. The alga growing in the presence of MSX possessed only a residual GS activity, while the levels of NADPH-GDH activity were higher than that of MSX-free cells (Table I ). The levels ofNADH-GDH were low in both MSX-treated and control cultures (Table 1) . MSX-treated cultures were able to utilize both NH4I and NO3 as nitrogen source for growth. Cells growing with MSX maintained a normal uptake ofboth NH4' and NO3-, and the protein yields of MSX-free and MSX-treated cells were almost identical (Table II) . The ability of S. bacillaris to utilize NO3-in the presence of MSX contrasts sharply with reports of NH4' excretion by NO3 -grown Anacystis nidulans when treated with MSX (4, 8) . In S. bacillaris an almost normal rate ofNH44 assimilation in the presence ofMSX suggests that the NADPH-GDH pathway was operative in these cells. The level ofNADPH-GDH activities in MSX-grown cells (Table I) was at least 60 times higher than that required to maintain the observed nitrogen assimilation rate.
Preliminary studies showed that the methylammonium uptake system in S. bacillaris is stimulated 8-to 10-fold when cells are incubated overnight in nitrogen-free media. Cells were therefore preincubated for 18 h in nitrogen-free medium before initiating Table I . GS and GDH Activities in Cells Grown with MSX One liter cultures were grown with 0 or 400 uM MSX to late exponential growth phase giving a final cell density of I x I07 to 1.5 x I0 cell. ml-'. The external NO3-concentrations in MSX-free and MSX-treated cultures at the time of the harvest were 0.3 and 0.5 mm, respectively. An aliquot of 800 ml was removed for GS and GDH determinations, and the remaining culture was used to initiate experiments described in Tables II and III Table III clearly rule out any interference by MSX with methylammonium transport in S. bacillaris. First, the incubation of MSX-treated cells with 400 AM MSX has no effect on either K5 or V of methylammonium transport. Second, MSX-treated cells show similar uptake kinetics as MSXfree cells, and the removal of MSX from either preincubation or experimental medium had no effect on the uptake of methylammonium by MXS-grown cells. It is pertinent to point out here that in the cyanobacterium A. nidulans the inhibition of methylammonium uptake by MSX was attributed to the buildup of an intracellular ammonium Dool (4), as this organism is unable to assimilate ammonium in the absence of GS activity (4, 8, 9) . Our data on methylammonium uptake (Table III) appear to exclude a buildup of high ammonium concentration in MSXtreated cells of S. bacillaris, and this in turn is consistent with the high affinity (low Km) for NH4' of NADPH-GDH in this alga (6) .
The question appears as to what extent the results presented can be related to the natural environmental conditions of this alga. S. bacillaris is an opportunistic species which is only occasionally found in abundance in nature (11) . This alga is barely able to persist in waters with inorganic nitrogen concentrations typical of most open water bodies, but grows rapidly to become a dominant species when waters are polluted with nitrogen-rich wastes (10) . We therefore conclude that although the concentrations of inorganic nitrogen used in our present study are considerably higher than those found in most natural waters, they are similar to those of soils and shallow water bodies associated with high population densities ofthis green microalga.
In summary, the lack ofinterference by MSX with ammonium transport in S. bacillaris suggests that MSX can be used to determinc the potential role of GDH in nitrogen assimilation by eukaryotic algae. The ability of S. bacillaris to grow and assimilate inorganic nitrogen in the presence of MSX, while GS is inhibited almost completely, confirms that ammonium assimilation may occur effectively via the NADPH-GDH pathway in this alga.
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